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ABSTRACT : PROBLEM TO BE SOLVED: To provide a piston ring and a combination structure of the 
piston ring and a ring groove of a piston superior in wear resistance, scuffing resistance 
and adhesion resistance, and having hard carbon coating superior in peeling resistance 
formed thereon. 

SOLUTION: The hard carbon coating 2 continuously formed on whole surfaces of an outer 
circumference surface 4, an inner circumference surfaces 5, an upper surfaces 6 and a 
lower surfaces 7 of the piston ring is preferably hard carbon coating containing Si with 
having coating containing Si formed as undercoating thereof, or hard carbon coating 
containing W or W-Ni with having Cr coating formed as undercoating thereof. Moreover, 
ion plating coating of hard coating is preferably formed as undercoating on the outer 
circumference surface of the piston ring. 
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r - B - Ngwfc£**»£$r&«*&K3 Z=f-#>4 *y 

tu-t- < yr&mzi. o trx h yy yrmtauzm 
Lxmuxmitim&t8.vcw&ztii,. ^t$, -e 
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i tt&SSL^C r &m*Tm&m9 1 LTJBWU $ h 
#£U* (04£#ffc. ) . 

[0052] (2) KXh>\)>fk.\:z.h>0)V>7 

[0053] vxhyvyritVAbywjyrmi 

1 fc <?>mx--&t>itmmi, -t.se Ltz*mx?> i- > y 

hvyfmi i ta^fiUSSi-u.. exhvy^ico 

otxhyumRtr*6. ^rii, 127 (K tf-f-i 

2 fc^ y x-t>h . 

[00 5 5] Al^I^hya, Al-Si-N 

i - cu-Mg^ (mm. j i sffi*sie-f-r. a 

C8A. AC 8B, AC8C) *^&t^#*L< 
[0056] Xf-;H^t^ h >l±. gfeHIJISii: L 

Tfflv%4,ixs««gi^ t <mm 

mmtozn. skd6 (j i s£*aie#) 

[0057] #$gHijtf)exh>y>-i7'i£, tinewtx 

[0058] 

immrn arc. mMMbimmzmix. 

mzm.<WfS*h. *lti. HJ6Wl~9i:it 

[0 0 59] (mmmi) 1 7Cr.Xxi<'l'.X«SU0t 
xh^y^SttSfc^SSL*:. aewc. -e-w^JS. -r 

%h*>ftmmL nmms. ime&zxrmnz. s 

[0060] S i %&>m'X6m&182l l ±. $"5^ 
^E^if<ORJC*frS:SJai-r« > wi:t«tO. Si : 6 
9. 4wt%. C :«g?. &£Xtt»sm*1itmfrL>%h 
m&tL. S-EOffSS:, WU®4 : 9. 9um. ftm 
ffi5 : 6. 5/im. ±B6 : 7. 5umt3*V : Tm7 : 



6. l^rnifcLfe. 

[0061] (m&m2) mtmuzis^x. si^o 

«SaSg&BI25rJgj£-$-&f?tf>t:a. h >y V^#«8<7) 

WUB41;:. 4*y?i — T^v^BCi Off $ 3 0 
jum^I£I3 (Cr-NffeK) fcJBWLfc. *tl£k 

mt, m&mitmmzLx^ mim2<r>\zxb>v> 

[ 0 0 6 2 ] 4 W-t- V^&Ktl. 4 * 

vri'-f ■< >-^ilBtri *)&z { 2 o o ) CEm L£ 
CrNftKSrJ&Sl.*:. *<D«L -f^7l/-f-(^ 

BS:fTV\ S$l/imRzfc*SJ:dtc»SL*:. 
ftotfBRISSS^O^mi L*:. MStlfc-f*^ 
—r-r yf&mn t* «/ * ti H v 1 5 0 0 X'f> o 

[0063 3 (?^ffl3> SQfc^tcfcVvC. *»£K 
3 (Cr-NlSK) «rJBfi£t^f*, SiSfco*KlS*& 

K2 sr^-rs mfotx h >- y >rmtQ<n£mi,zc v 

D^HtCj: 0J5$ 1 jumOS i (Si : 7 2 w 

t%) 2rT«6&K9i:L-C^l£Lfe. -tfUJWi. IQfc 

[0064] (|gSSfi«4) Uttffll 1 C*5V^T , *co£ja 
CS i^««i«RfiK2SrCVDSatCi O^J^f * 
-ft^OtC -E-<D£JSfcW^D««£aS&K2 

lfcpgtSUwLT, Htt0!4Otrxhyy>-^S:faSL 

[0065] =3t*j, yfm<7mttstm&m2it. vr?-y 

ttCtO. W: 7 5wt% H C : *><kt>^"J«^ 
tt«3*^^ri»lflfi£i:L, #ffi<7)ffSS:. ^ffi4 : 2. 

1 junw rt^B5 : 0 . 4jtim, ±M6 : 1 . 1 jumtJ 
«fcVTBD7 : 0. lunbLtz. 

[0 06 6] (mtms) smwA&ti^x . w^co« 

««*fiffii 2 Sr^BTr &l?<oe^ h > y >-^S»8 <D?h 
^®4tC. -f^>7-l^— r-f V^HtCtOffSSOAt 
m(0?a»SK3 (Cr-N*|R) $-^fi£L^. -ttU^h 

i±, &sm4bwmzL.x . Hiswswtr^h^yv^ 

[ 0 0 6 7 3 . 4 ^^Iz-f-f V^ffcffifcOtfcffllc 
ovvtti. HSfiP<2tciett<0tcoi:P«T-J>&. 
[006 8 3 (5IJ£CT6) SStt0H5(C*SWC. 
3 (Cr-NSffi) SMUcft, W*«9«K03R&B9 

2 srm-r&frwex h >7&m8<?>£miz>(*y 

( C r ) £T«!i£ffl!9 t UMU. 51 

tis.m5 tmmzLx . ms&M6covxb>v yyzim 
[0069] (sasw7) zmmuzti^x. *<?&m 
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* U v^KEKJ: OMLfc. waaHi. 

[0070] %t3. W-N i ^<7)S©et*SH2tt. W 
-N i 9-Y v hfcJ:imsii£*;ffxE*fcV>SJ5*tt 
Sr«Iffll-ri>ii:^J:0. W: 7 5wt%. Ni : 8wt 

«-®tf>JPS£. ^-)gffi4 : 2. lvm. I*ift®5 : 0. 
4junu Jt®6 : 1 • 1 jumfcitTF® 7 : 0. 7jum 

[0071] (ussffls) mtmi iz&^x . w-n i 

80*W3ffi4l;:, 'fsTxru— r^v^BKiOffS 
3 0jum^8fi£K3 (Cr-NSK) fcJttftUfc. * 
ftJa*Ki, HJSWI7i:^«lctt. HSSCT8<0t^h>- 

[ 0 0 7 2 ] Srfc . -f ^yrwt >r >^KOl¥*ffllc 
owai, HS£0|2CieK<Ot£OtR«-C$>6. 
[00731 ) Sltefi«8fc:iJV^. SltfidBS 

3 (Cr-N&)80 £JB)£L*:f^ W^<0&©«*&ffil 
2 iM&L-thmcO^X hVU ^^#»8C0^^lC-f =tV 
7-l/-f< ^^HfciOJfSO. 4inn»Cr«ffi 
( C r ) £Ttfe£BI9 i: LtKLfc. *ti£l>Hi. ^ 
HWSfcHWfcLT, Sy60ll9Ofcr^h^'J^5:-f^ 
Ui, 

[0074] (itSS^Il ) 1 7C r^^UXSiiacOt: 
^.b>"jy^a«8iS:^L3t. <*WC\ 1M6&XT/ 
TW7<T>MZ^ J?£6. 5**m<OS iifc<7>lI!®lfc*&IK 
2SrCVD^atcJ:0^«Lt, &Mffl\W*\-yV 

yrz-rmvtz. s i^co«®ift^SK2ii. v- 

i : 69. 4wt%, C £ il^^STO^*' 

[00751 (ifctSEM2) 17Cr^f^«!!«t 
XhV'J^#«8S-f«SL^. JJcwc, *WXh> 
U ^^«r«8c0^^tc. tf-X^ffcSIUIiSrSSU SI? 1 0 
OAtmW^S^/iS-mt^. <e<0», 5MMB4tC, 
4*V7V— r-f X^EK J: 9«©&&3 (Cr-N 

[00761 Srfc, tfxgftBSiis r^-7-#«# 
*#H$w>-c5 9 ot;x6B$fiH5M$u 540 

fitfc. fi»6<F5:g<biBSi$S:7 0AtmtLfe. ®fi£S 
iut^S-ftSOt'^^-^SS^H v 1 1 0 0t*^> 



[00771 atfSSBti, 

SKfiS: ?y-fe7H8 ( l^evH/W*taSfl) . ifi 
iS : 8 OX:, J§i£ : 1 m/fc' (4 7 8 r pm) . ftS. : 
150kgf. WmfSi : 7^ISIC0*frTr, tfo^« 

.toi^Lfc. a^s^sssti, a$tftci«.ss7- 

[00781 m$Sm l -9 iZttJti+h*& 

imm 2 iznisi-hmkKmmAiz 

*tLT<0ia*fJfci: LXimt. B&m&b Ufe. 

X , S-i^frcoJS^fH&a 1 1 0 0 J: O'hSv^i&'JWS* 

*^-^v^ * s-^-r. last* 1 - 9 izttjG-th&tm* 
^»at«f&ai± 105—10 8T* o » item 2 iz*tf&r 

[0079] (X*-y7S3H) X* y7Kii»±. TAX 

gCgi)tl±, Hi£^l~9*5j:L<JtR«2<oexh>'l»>' 

fc. ISii^mi. Ji3?tift: ^y-b7H8 ( l-sp-^trj'K 
. ^51 : lm/» (478r pm) <?^fefr 

0c t ±3*co^ffitC J: 0 fib^WC 2 m m R z t % & i d tc 

[0080] iH^* «/ ymt. itmt2izttit;-t htsm 

frcDX* <v 1 0 0 b U 3Ut« 

seeyt<ow^* ^*g»*H 00 io^#vHjt\ 

«t 0 Lit AX? •/ i fc t ^r«» . g*fcm~9 

{.zttm^h&tmKvMxtvyftmt. 110-20 

0X't>*). it««5?2{C»iC-ri.K«fr«t0t»*L<iK^ 
trvymz&tix^tz. teSS:S2t^Lfc. 

[0081] (itfii>inta«) WiflSittoaswi. n p 
RjStmmtimsiB. (^Ba3 6-i9 04 6#. y>-5$ 

tC 1 BSfc 043. lmJ(4. 4kgf mm) «0«r 
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2 l(±trxh^y>-^ 2 2tiEF. 2 3ti 
[0082] jHKISfSW. itmi 1 <OfSiW-coii|Jlif&£ 

mas- looti, mmmi^9<omi) ! rcoMnmi® 

fc. «£oT. 1-9 <Ot£&*-<Olt§(]BiJS&A* 1 0 

HS6ffil-9<DiitiiI«J&ati. 1 1 0~l 

2 o t**> o . \mm i co ex h v y s^icjfc*. mmm 

[0083] (Jfcfc&KK) fcfc^tSltti, 09tC^rT 

co*!UI£iSUt*><0£<£fflU fc*:#lSf6S<0flMl$:*T 
ofc. ISS^m±. Xho-7 : 4mm. ISOigLjS 
S: 50 O0/:JK U y^EJISS : 3 r P m. MM&f 
13: 1 0B$|Bk 3 4 0*C. VXh> 

« : A (AC8A) fc«fct£X?~;M* (SKD6 



[0 084] r-r^tztzZ&Xjii fctt. 

h >lFt5 3 £1S8*«5 1 tc« LT «*l*)»fi^lgtcias 
U exb^yy^1*5 2£exh>^5 3l::RDl::3l 
*U exhVU>-^5 2c0rt^®<HCffll^-5TV^ 
'J 4 tt^coSS&SSR* 5 5 £-»2nW::i£« 
$i^•T^T?lS*tT-^> , ). exb>y;^»5 2£:tsHlKL 
ooa h y& 5 3 $rPP< ifttt^- K LfciStre 
5SSM85H4, fc8Smn»Jfl<Ot-* 5 4**1, 

^o«fi*ys5riP^-n. £ t . trx h >^<o*aB 

em ( trx h >ttco«f£S) . exhyj ^ffljess 

[0085] mmt, tXh>"J V^co±Tffitc:*3(t«. 
JSfS&STfll.*:. -5-coei±. it«012<oexh>'fflSBe 
itif ex h y vjr«B«^j|coS*iSr ^fi-Pir l 
OOtl, l^«l~9cO*ISS^<0«mS:itlSea|2cO 

l~9cOJ«l£J&8aU 0 0J: 0/hSV^S4:\ JtfybP/h 
S<*0, 1W^2J: ^kftl^tt^c^*i^&.rfci:3r 
£. ±TTBC«K«*&BS2Sr«-r6|5it0!l~9<Ot 

x k vwsts&afc * ex h ^ y ^^fflw^gati. 

7 0-9O<OKfflT*0. JtiM«2coa»fr«t'5t*L 
<iJ«Ktt*C*ilTV^. *<0t£Jft£a2l;:SH\ 

[0086] 

[3*1] 
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It* btl% friti. ±TTBcoaSHRttH*U<l*I 
[0088] 

ante i*uf^ tr* h >v > ?<?ykx nmizmusmgi 
mwmmvzBtfe.ziiT^hw. *?>m'&6m&miz 
it. wa<*>iz&vhW'&&m&®<?>?7-y?RV/xit 

1 it&mcr) g y/8K>xf- /USJtf) 'J V ;/?S(c*t L T . 

mmm^w^xmz us< -r&zt #-c$ h . *com 

BfinvAhyvynt. tfvvyx.yi?ym<7>*%t> 
[0Bn<DfS**i»BB] 

[si ] *?m(ovAhyv >7eQHH*irrrmmmx' 
[02 ] hyv y7<r>m<o—mZ7rrrwffi 



[03] TifeftK9* < }efi£$tu , -c*%HB < 7)t , ^h>-'J>- 
[04 ] Tmm (Ti&fe«9 fc«S&Bi3 ) **JB&S 
h. 

[05 ] «SriS«&IB?*>S i **rJt*Sr##$1tt:«S« 
¥®0 ( a ) fcJ:tf*3&<$i<Dex h >"J yy<n&igmL 

<nmm ( b ) <o— wvs>h. 
[07] w h>'J y/t 'J wi^ 

[08 ] n p R^M»mssm<n&.msmx'h s . 
[09] &i&#®mmsmx'9> h . 

l \Z7s\-yyy7 
2 

3 ««^BS <T«!L6&3 ) 

4 Jl-JSffi 
5 
6 
7 
8 
9 

1 1 



12 x'J >^7^f-^- 

13 ±Tffi«BBB) 
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